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A double-exponentially growing solution
of the two-dimensional ideal Boussinesq equations:






3 Euler $[1, 2]$ .
$\iota\cdot\backslash$ $\mathfrak{i},\backslash$ .







[2]. Kolmogorov .$lJ\mathrm{f}\mathrm{i}_{1}\backslash \cdot \text{ }$ ‘
$\#^{t}.\chi \mathrm{j}\mathrm{g}\mathrm{F}\mathrm{h}\yen;arrow$
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$( \frac{\partial}{\partial t}+u\cdot\nabla)\theta$ $=$ $0_{\dot{J}}$
$(1\grave{)}$
$( \frac{\partial}{\partial \mathrm{f}}.+u\cdot\nabla)\omega$ $=$ $F(\theta_{j}\nabla\theta)$ . (2)
, $\chi\equiv\nabla^{[perp]}\theta$ $=(\partial\theta/\partial.y_{i}-^{t}\partial\theta/\partial x)$ $\text{ }--\cdot \mathrm{g}-\wedge$
$\chi\mathrm{F}\mathrm{h}_{\text{ }}$
$\mathit{0}\mathrm{J}?\xi_{Il}\backslash .$} $\Gamma^{f}x^{\hat{x}}\mathit{7}j\text{ }$ $f \mathrm{i}\prod\overline{\mathrm{n}.}$
.








, (QG) , , $\theta$ $F=\partial\theta_{/}’‘\partial x$
$\mathrm{B}\mathrm{o}n\mathrm{s}\mathrm{i}_{\mathrm{I}1}\mathrm{e}\mathrm{s}\mathrm{q}$ .
3 , $\mathrm{B}_{\mathrm{L}^{1}\mathrm{d}}‘ 1-$
Kato-M‘ajda $[1, 4]$ . $\mathrm{B}_{011\mathrm{b}^{\tau}}\mathrm{i}\mathrm{n}\mathrm{e}\mathrm{s}\mathrm{q}$ , $t=T$
[5].
$\oint_{0}^{T}|\omega|_{\mathrm{c}\mathrm{c}}(t)\mathrm{d}t=\infty$ , (5)
$\oint_{0}^{T}\oint_{0}^{t}|\theta_{x}|_{\infty}(_{\backslash }9)\mathrm{d}.\mathrm{s}\mathrm{d}t=\infty$ . (6)
2 2
Bousinesq Bousinesq ,
. 2 (FC) , 2
$\mathrm{B}_{\mathrm{C}\mathrm{J}11}\mathrm{s}^{\backslash }\mathrm{i}\mathrm{n}\mathrm{e}\mathrm{s}^{\backslash }\iota\iota \mathrm{q}$ , , 3
, 3 Euler [6]. Pumir Siggia
, [6]. , ,
$\mathrm{E}$ Sllll , BKM (5) (6) , Pumir Siggi
$[\tilde{\mathfrak{v}}]$ .
, $2\mathrm{D}\mathrm{F}\mathrm{C}$ 3 Navier-Stakes
[7]. ,
,
$S= \frac{1}{2}\int T^{2}dx$ (7)
”. , $S$ . , $\equiv\chi$ $\mathrm{T}$
. , ,
$( \frac{\partial}{\partial t}i_{\mathrm{t}}u\cdot\nabla)\theta=\kappa\triangle^{r\iota}\theta$ , (8.)
$( \frac{\partial}{t9t}+u\cdot\nabla)\omega=$ $\frac{\partial\theta}{\partial x}+\iota/\triangle^{n}\omega$ . (9.)
, $\nu..\kappa$. . , $n=1$ ,
, $n=\mathrm{S}$ ( ) .
* $\mathrm{T}$ ,
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$\nabla\cdot u$ . , $y$
, .
$\epsilon_{\theta}$
\mbox{\boldmath $\alpha$}g( 1 )
$E(k)$ $S(k)$ [?]:
$E(k..$ }$= C_{E}\epsilon_{\theta}^{2/\overline{\mathrm{i}}}’(\not\subset \mathrm{t}^{J}g)^{4/\dot{\mathrm{i}\}}}k^{-- 11/\overline{\theta}},$(10)
$S(k)$ $=$ $C_{6’}.\epsilon_{\theta}^{46}(/’\alpha g)^{-2/5}k^{-7/5}$ . (11)
$$ $C_{B},$ $C_{S}$. . , .
$\epsilon_{\theta}=\langle\epsilon_{\theta}(x, t)\rangle=\kappa\langle\nabla’\Gamma. . \nabla T\rangle$ . (12)
, 3 Navier-Stokes Kol-
$\mathrm{m}\mathrm{o}\mathrm{g}\mathrm{o}10^{\tau\prime}$. $(.1_{\iota}^{\mathrm{t}}\prime 41)$ $\mathrm{B}\circ 1\mathrm{g}\mathrm{i}\mathrm{a}\mathrm{n}\mathrm{f}\mathrm{J}- \mathrm{O}\mathrm{b}_{11}\mathrm{k}1_{1}\mathrm{o}\mathrm{v}(\mathrm{B}\mathrm{O})$
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1 $2\mathrm{D}\mathrm{F}\mathrm{C}$ $\mathrm{T}$ .
, $\mathrm{T}$ .







$\mathrm{Q}\mathrm{G}$ Contalltin [9] $\mathrm{f}$
. [10]
( $\mathrm{T}$ ) 2 .
.
Cordoba[ll]











0 . $l$ $l^{\alpha}$
,
$1/\alpha$ $\triangle t_{n}$ . $l_{n}$ $l_{n-\vdash 1}=l_{n}/a$’
$\gamma$
: . $\Delta\prime t_{n}=\beta’\Delta t_{n-1},$ $\beta<1$ .
$1/\alpha$ ,3
.
$d_{f}$, In $.//\mathrm{l}\mathrm{n}\prime \mathrm{Y}$ .
$l\mathrm{V}$
$I_{0}$, $N$
$l_{IN}=(\gamma/\alpha)^{N}L_{0}$ . $N$ n
$v_{N}= \frac{l_{N}}{\Delta_{N}}=\frac{1.l_{0}}{(\alpha\beta)^{N}\triangle_{\mathrm{f}\mathrm{J}}}$ (13)
. $\alpha_{\gamma^{!}}7$ 1 .
$\delta_{0}$. $N$ $\delta_{N}$ $L_{0}\delta_{0}=L_{N}\delta_{N}$
$\delta_{N}=(_{\wedge}^{\underline{\alpha_{l}}},)\delta_{0}$ (14)
. $\gamma^{J}/\alpha>0$ 0 , 1
. $N$
$T_{h’}l.\mathrm{f}$






(8),(9) 2 $[0, 2\pi]\backslash \nearrow\acute{\backslash }[0$ ,2 4
$\mathrm{j}$ 4
$[7, 8]$ . $\mathrm{r}xg=1$ .
$Pr=\iota\nearrow/b^{A}$ 1 .
( ) , $\triangle^{8}$
$\mathrm{A}$
}. 1 ,
($.\text{ }$ ) $7’\mp_{\text{ }}$ $\text{ }$ $\mathrm{R}_{\backslash }\not\equiv$ $2^{9}$ $2^{12}$ .









$x_{c}=$ $\pi/2-a\llcorner\backslash ^{\backslash }\mathrm{i}\mathrm{n}(y)$,
$\omega$ $=$ $0.1\exp\{-0.5*[(x-x_{c})/w]^{2}\}$ , (16)






$X_{\mathrm{C}}^{\backslash }$ $=$ $3\pi/2+a\mathrm{f}^{\mathrm{T}},\mathrm{i}\mathrm{n}(y)$ ,
$\omega$ $=$ $-\mathrm{t}\mathrm{J}.1\exp\{-0.5*[(x-x_{c})/\tau v]^{2}\}$, $(1\mathrm{S})$
$T$ $=$ 0.5 $\{1.0+\mathrm{e}\mathrm{r}\mathrm{f}[(.x_{\mathrm{c}}--x_{l})/\sqrt{2}\cdot lv]\}$ . $\langle$ 19)
$ll$ $w$














. 2 $\mathrm{B}\mathrm{o}11\mathrm{f}$”$\mathrm{i}\mathrm{I}1\mathrm{e}_{\iota}..\mathrm{s}\mathrm{q}$ BKM
$\mathrm{T}$
. 3 DNS . $\mathrm{T}$ 2
$\chi_{m\mathrm{s}L\mathit{1}}.(t)=F_{a}$ \epsilon \rightarrow p{\Gamma 7b $\exp(F_{c}t)$ } (20)
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1 $\underline{/\backslash }t\leq 5$
. 2 .
$\mathrm{T}$ (21) $\chi,,\iota m^{r}$. 2
(20) (22) ,
$\frac{D^{J}\omega}{Dt}=-\frac{\dot{\{}?\theta}{\partial x^{\backslash }}\sim|\chi|$ . (21)




3: $\mathrm{T}$ $\chi_{n\iota ax}$ $\omega_{n’ x\iota x}$ . (20) (22).
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,2 ,4 $’\epsilon$ $\prime \mathrm{g}$ $2a$
4: 5:
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7 $t=\zeta y.2$ $\mathrm{T}$ . $\mathrm{T}$
, 3 FCRIIH( ) .
,
$t=6.2$ $\mathrm{T}$ ,
$\mathrm{T}$ . (FCI) FCRIIH




8-10 FCRI 1H $\mathrm{T}$ .








7: $\prime \mathrm{I}^{\backslash }$ . FCI( ) $\mathrm{t}=_{-}^{-}.?,.75_{\text{ }}$ FCIIH ( ){ $.— 6.\overline{/}_{\mathrm{t}})$ $\backslash$
$6.5_{\text{ }}6.25$ . FCT FCHH .
8: FCRIIH $\prime \mathrm{r}$ . $t— 7.2^{r}|\mathrm{J}_{\backslash }t..--7.5_{\text{ }}t,$ $=\overline{\prime}.7.5_{\text{ }}t=\mathrm{S}.()$
11 (FCRIIH) ( )
. , $t=6.2$ , $t=11$




9: FCRIIH $\mathrm{T}$ . $t\ldots-..8.25_{\text{ }}$ t.–.. $8.5_{\backslash }$ t–.. $\mathrm{S}.7.5_{\text{ }}t,$ $=9.0$
10: FCRIIH $\mathrm{T}$ . $t–\sim 9.25_{\backslash }$ t— 9. $\mathrm{c}$ $\}_{\backslash }f,$ $=9.7_{\mathrm{t}1}^{r}$
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. (17)-(19)
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